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four. A minimum length of time between molts was one day, as
noted for the second, third, or fourth instars, during July, while a
maximum of eight days' duration for the fifth was observed during
October.
The duration of the nymphal or larval period varied greatly during
the different months. In July the insect spent only a week maturing
while in September and October, due to cool weather, the nymphal
stage was prolonged to twenty-six days. This gave a minimum of
fourteen days during July as the cycle from egg deposition to adult
and a maximum in September and October of forty days. Thus the
total life cycle was ten weeks for the first and over a year for the second
generation.
CONTROL OF THE POTATO LEAFHOPPER (EMPOASCA MALI
LE B.) AND PREVENTION OF "HOPPERBURN"l
By JOHN E. DUDLEY, JR., Scientific Assistant, Bureau of Entomology, U. S. Depart-
ment of Agriculture
INTRODUCTION
Although periodic outbreaks of a leafhopper, probably the potato
leafhopper (Empoasca mali), have occurred in this country since the
early eighties, the insect's association with a disease of potato has just
been established by Ball.2
As with most insect borne diseases it is the disease which we dread
far more than the primary feeding injury of the insect involved.
The summer of 1919 was a most opportune time to undertake studies
of disease transmission and control of the potato leafhopper. The
infestation and accompanying disease had been severe in 1918, promis-
ing to be equally as bad the next year. Evidence that a disease
formerly included in the term "tip burn" was transmitted by the
insect had just appeared. Therefore, the problem was attacked in
earnest and all possible data secured on the study of the insect itself,
its relation to various hosts, and the effect of treatments used against
it. Special emphasis was placed on the phase of most economic im-
portance-transmission of disease and control.
DISEASE TRANSMISSION
The first outward indication of the disease, "hopperburn" (Plate 9),
is a slight yellowing, usually at the tip of a leaf, followed by curling
1 Published by permission of the Secretary of Agriculture.
2 Ball, E. D., "The Potato Leafhopper and the Hopperburn That It Causes," in
Wise. State Dept. of Agric. Bul. No. 20, 1918.
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Leaf of Green Mountain potato plants, showin~ typical brown curled tip and
margin (X20)
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and browning. This curling and browning preceded by a diseased,
yellow area may spread from the tip or margin inward, eventually
reaching the midrib when the leaf dies. The lower two-thirds of the
midrib with a narrow green area on either side is the last to be killed,
often remaining green for weeks after the spread of the disease to the
entire plant.
In hot dry weather the disease usually spreads rapidly and whole
fields of early potatoes have been killed in a week's time. On the other
hand, if the weather is cool and moist, or if protective sprays have been
applied, the disease may be checked and throughout the summer show
nothing more than its early symptoms.
The potato leafhopper visits many plants but appears to reproduce
on but few; potato, bean (string, pole, navy), hemp, apple, dahlia and
hollyhock. A diseased condition with similar symptoms to the dis-
ease on potato has been found on the above plants, and on raspberry
and box elder.
LABORATORY EXPERIMENTS
Laboratory experiments were conducted to study the effect of leaf-
hopper adults and nymphs upon their several hosts, in relation to
transmission of disease. It was found that in nearly all tests adults
readily transmitted a disease. Nymphs did not transmit it in as
larg;e a proportion of tests as did adults. One adult or one nymph
often sufficed to cause a plant to show decided symptoms of disease.
In one test four newly-hatched nymphs were placed on one of two
healthy apple seedlings growing in a flower pot. In ten days the in-
fested apple had become badly diseased, the uninfested one remaining
green. In another test twenty newly-hatched nymphs were placed on
a large healthy dahlia plant. Disease appeared in seven days, the
plant dying in twenty days. A check plant remained healthy. These
two are typical of many other tests.
FIELD OBSERVATIONS
During visits to potato growing sections of Wisconsin it was ob-
served that, without exception when the disease was present the potato
leafhopper was found; that when the disease was not present no leaf-
hoppers were found. The extent of the disease as affecting both
individual plants and whole fields was in close proportion to the number
of leafhoppers present. An example is given: A field of Green Moun-
tain potatoes on new land surrounded by woods had never been sprayed
and, at first glance appeared uninfested by insects. Upon examining
the field in detail, however, a leaf here and there was found showing a
typically diseased tip. Without exception a leafhopper or cast skin
could be found on or near every leaf thus affected.
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VARIETAL PREFERENCE OF LEAFHOPPER OR VARIETAL SUSCEPTIBILITY
TO DISEASE OR BOTH
Different varieties of potatoes were attacked to differcnt degrees by
the potato leafhopper, and different varieties were affected to different
degrees by the disease. The extent to which the same varieties were
affected appeared to be much the same at widely separated points in
the state. The Early Triumph variety was always affected worst;
the Rural New Yorker variety always least and, moreover, in a given
place, the Rurals were always attacked least by the leafhopper. The
relative infestation on other varieties varied considerably.
It is believed that the leafhopper exhibits a preference for certain
varieties of potatoes of tender foliage and that these same varieties may
be more susceptible to disease than sturdier varieties of hardier foliage.
PLANTS OF A GIVEN VARIETY VARY GREATLY IN AMOUNT OF DISEASE
Observations the past season have shown that certain plants of one
variety may have much greater resistance to disease than adjacent
plants of the same variety. In a check (unsprayed) plot of Rural
New Yorker potatoes three plants remained practically free of disease
all summer, while the surrounding plants without exception became
badly diseased. The same was true of a plot of Green Mountains.
EFFECT OF THE DISEASE ON THE TUBER
There are indications that the disease transmitted by the potato
leafhopper seriously affects the potato tuber. Whether the actual
organism of the disease gains entrance into the tuber, or the diseased
foliage decreases the value of the tuber for seed, is yet to be determined.
It can be stated, however, that plants of the same variety but from
different seed, growing side by side, exhibited decided and uniform
difference in the amount of disease present. This difference was
noted in two instances at one farm; two fields of Green Mountains
were planted in blocks, each block beinl!; the seed from a different
grower. All potatoes in each field were planted the same date. The
degree to which plants in adjoining blocks were affected with disease
enabled one to separate the blocks without looking at the end stakes.
In one field at Madison six varieties of potatoes were planted.
Seed of five of the varieties came from reputable seedmen, and the
plants treated with Bordeaux mixture stood off the disease throughout
the summer. The sixth variety, Early Triumph, was seed from plants
which had been killed by the disease the year before (1918). The
plants from this seed were all killed by the disease early in the season
despite thorough treatments with Bordeaux.
Is it possible that some condition due to disease may be carried over
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winter in the seed potato, making it easily susceptible to disease when
planted the following year?
CONTROL
All spraying was done with a wheelbarrow sprayer, the spray rod
fitted with two adjustable arms and two adjustable, angled nozzles.
All applications were directed upward at an average pressure of 150
pounds, the material thus being deposited on the under side of the
leaves as is absolutely necessary.
KEROSENEEMULSION. One plot of Early Ohio and Green Moun-
tain potatoes was sprayed three times with 10 percentage kerosene
€mulsion.
The infestation of adults was not noticeably reduced. Nymphs
present at the time of spraying were readily killed, but great numbers
continued to hatch and did not appear to be killed by any oil remaining
,on the leaves. There was no repellent effect observed upon adults or
nymphs.
The Early Ohios were practically dead from disease by the last
week in July. The Green Mountains were badly diseased by the
middle of August.
The untreated rows of each variety were but little more diseased
than those treated.
NICOTINESULFATE. One plot of Early Ohio and Rural New Yorker
potat€les was sprayed four times with nicotine sulfate 1-1200 and
fish oil soap 2-50.
The treatments did not noticeably reduce the infestation of adults;
eggs continued to be laid and young nymphs appeared without cessa-
tion. Nymphs present when the spray was applied'were readily killed
but no repellent effect was observed later upon ei~her adults or nymphs.
Disease appeared in this plot a few days after the first spraying.
On the Early Ohios the disease spread slowly but surely, until the first
week in August, when all plants were practically dead. One row left
untreated was at this time diseased to no greater extent than the
treated rows.
The Rural New Yorkers, although as heavily infested all summer
as the other potatoes, remained fairly free of disease. By the middle
-of August, however, the disease began to spread and in a week about
half of each plant was dead. The untreated row was slightly more
diseased than the treated one.
BORDEAUXMIXTURE. One plot of Rural New Yorker and Green
Mountain potatoes was sprayed four times with Bordeaux mixture
4-4-50. The infestation of adults and nymphs in this plot was about
the same as in the previous plots up until the middle of July. From
3
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then to the end of the summer, however, there was a remarkable
scarcity of both, especially on the Rurals. Newly hatched nymphs
appeared every day but, strange as it may seem, disappeared in a
short time. This repellent effect of Bordeaux has previously been
mentioned by Fluke.!
Untreated rows of each variety in this plot were heavily infested with
adults and nymphs throughout the summer.
Disease appeared after the second spraying on tips of leaves scat-
tered all over the plot. No nymphs had hatched at this time. On
the Rurals the disease remained without spreading to any extent until
digging time. On the Green Mountains the disease spread very slowly
and at digging time had"not become serious, that is, probably not more
than one-fourth of any plant had dead leaves.
On the untreated rows the disease spread without interruption from
tip, to margin, to midrib, and all over the plants. At digging time
Rurals showed some disease on every leaf; Green Mountains were
badly diseased, many plants being dead.
BORDEAUXMIXTUREANDNICOTINESULFATE. Two adjacent plots
of equal size were planted to six varieties of potatoes-Early Triumph,
Early Ohio, Irish Cobbler, Green Mountain, Late Puritan and Rural
New Yorker. One plot was given maximum protection with five
applications of Bordeaux 4-4-50, combined for the two last treatments
with nicotine sulfate 1-1200. The other plot received no protection
against the leafhopper.
A very heavy infestation and frequent rains seemed at the time to
demand five sprayings if maximum protection was to be afforded.
It is probable, however, that four applications would have been
sufficient.
During the early summer leafhopper adults and nymphs were
present in about the same numbers as 011 other plots, but by the middle
of July there was a great scarcity of both. A week later prac-
tically no nymphs and only an occasional adult could be found on the
sprayed plots. This condition held up to digging time.
The unsprayed plot was at all times rather heavily infested with
both adults and nymphs, the numbers increasing as the season
advanced.
The treated plot immediately adjacent to a continual source of leaf-
hopper infestation remained in excellent condition throughout the
summer, the Early Triumphs being the one exception. (The seed of
these came from plants killed by the disease the year before as pre-
viously mentioned). A slight amount of disease appeared 011 the
1Fluke, C. L., Jr., "Does Bordeaux Mixture Repel the Potato Leafhopper?'
in Jour. Eco. Ent.) Vol. 12, No.3, 1919.
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other varieties early in the season, showing principally on the tips of
scattered leaves. Little more appeared and that present did not
spread noticeably all summer, even during a period of hot dry weather.
On Late Puritans and Rurals there was almost no disease; on the rest
it was very light to light.
The untreated plot showed signs of disease early but, in contrast to
the treated plot, the disease spread rapidly until midsummer when
early varieties were about dead and the late ones were rather badly
diseased. The Rurals, as in other plots, showed less disease at digging
time than any other variety.
Thus the plot given maximum protection, in contrast to the plot
given 110 proteetioll, gave abundant evidence throughout the summer
of the beneficial effect of spraying in relation to leafhopper infestation
and the resultant disease.
YIELDS
The accompanying table shows the relative yields from each plot.
No attempt was made to compare the yield from these plots with the
average yield per acre in the state because the area around Madison
is not adapted to potato growing and because fertilizers were not used
on the plots. Yields from untreated plots were arbitrarily called
100 bushelR.
TABLE SHOWING YIELDS
Untreated rows
Bu. per aere
Treated rows
Bu. per acre
KCrOS('fiC Emulsion Plot:
Early Ohio , .
Gr('('J1:\fountain. . . . . . .. . .
Averagr, .
Nieotinc Sulfate Plot:
Early Ohio. . . . . . . . .. .. . .
Rural New Yorker. . .
Average. . .
Bordeaux Mixture Plot:
Rurnl New Yorker. . .
Green .\fountain. . " . ..
Average. . .
Bordeaux-Nicotine Plot:
Early Triumph .
Early Ohio .
Irish Cobbler .
Green l\fountnin. . . . . . . .. . ,.
Late Puritan. . . .. . .
Rural New Yorker. .. .. .. .. .. .. .
Average. . .
100
100
100
100
100
100
100
100
100
100'100
100
100
100
100
100
166
125
146.5
150
200
175
200
196
198
100'
196
277
233
217
185
221.6
I Practioally no marketable potatoes. Not included in average.
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It is seen from the table that the treated rows gave much higher
yields, ranging from one-fourth higher with Green Mountains, sprayed
with kerosene emulsion, to two and three-fourths times as high with
Irish Cobblers, sprayed with Bordeaux-nicotine.
However, as the four plots were widely separated and varied as to
soil and previous manuring, the relative yields are not as indicative of
the best spray as was the amount of disease which existed on the foliage.
Rural New Yorkers showed less difference in yield from three kinds
of treatment than any other variety. They were also diseased less
than any other kind. That it payed to spray them, however, is clear.
NUMBER OF ApPLICATIONS NECESSARY
It is believed that at least three applications, and preferably four,
should be made. The first should be applied when leafhoppers have
come in numbers.
The second spray should be applied in from ten days to two weeks
from the first. Potato plants are growing rapidly at this time, offer-
ing new foliage to leafhopper attack. Frequent rains may be expected
in some sections of the country, and will wash off much of the material.
The third spray should usually be applied about two weeks after
the second, the exact time depending upon the amount of new growth
infested, abundance of leafhoppers, weather conditions. (Hot dry
weather is very favorable to rapid spread of the disease.)
A fourth spray might well be given to advantage when some of the
following conditions exist: a hot dry summer, heavy new growth in
late summer, great abundance of leafhoppers, desire to control certain
other potato diseases.
When leaf-eating insects occur with the potato leafhopper, an
arsenical can usually be combined with one or more of the Bordeaux
sprays.
ENEMIES
Two enemies of the potato leafhopper were in evidence during the
past season. One, a hymenopterous parasite, probably a Dryinid,
attacked leafhopper eggs. It occurred in too small numbers to be of
practical benefit.
The other enemy, a fungus (Entomophthora sphaerosperma), attacked
both adults and nymphs. It was common all over the state and in
northern sections greatly reduced the infestation.
CONCLUSIONS
Of three materials tested by themselves, Bordeaux gave by far the
best results in leafhopper control and disease prevention. The yield
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from this plot was greater than the next nearest plot hy an average of
twenty-three bushels.
Bordeaux combined with nicotine gave better results, as would be
expected, than Bordeaux used alone. From the excellent results
secured with Bordeaux used alone, however, it is doubtful if a com-
bination will be necessary in the future.
The yield from the Bordeaux-nicotine plot would indicate that this
combination controlled the insect and disease much better than did
Bordeaux used alone. However, the former plot was on rich, recently
manured ground, while the latter plot was on poor ground.
From a standpoint of prevention of disease on the foliage, the two
treatments appeared of equal value.
INJURIES TO BEANS IN THE POD BY HEMIPTEROUS
INSECTSl
By 1. M. HAWLEY, Ithaca, N. Y.
During the past four years many samples of beans have been received
at the Cornell Station, that have showed deformations varying from
circular depressed areas with a dark spot in the center, tQ ragged holes
in which the bean coat is badly ruptured. The name of" dimples" has
been applied to these scars. As these markings bear a strong resem-
blance to Hemipterous punctures on other plants, specimens of Adel-
phocorus rapidus Say, one of the most common Mirids in western New
York bean fields, were caged over a potted bean plant on August 15,
1918. Wheh examined on September 4, the pods on this plant were
mis-shapen and covered with dark, raised wart-like areas (PI. 10,
fi!/;. 2). The seed in these pods showed evidence of dimpling (PI. 10,
fi~s. 1and 3).
In the summer of 1919 an effort was made to verify this observation
and to find other insects that might have a share in the work. On
August 11, a cage containing A. rapid us was placed over two bean
plants, the pods of which were still green. When these were examined
on August 28, most of the beans were dimpled. One hundred pods
picked near the cage contained only one dimpled seed.
The feeding of A. rapidus frequently produces such ragged, discolored
marks on the bean seed, that it would seem that the insect in addition
to removing juices from the bean, possibly secretes a toxin that acts on
the bean tissues. The nature of the puncture appears to be influenced
by the sta!!;e of development of the bean at the time of attack. The
1 Contribution from the Entomological Laboratory of Cornell University.
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